More than a decade ago, Aeromonas species were implicated in human gastroenteritis ranging from mild diarrhea to life-threatening choleralike illness (2, 11) . Since those reports, multiple investigators have reported that this species appears to be a significant enteric pathogen (1, 5, 10, 17) . However, controversy still exists concerning the role of Aeromonas sp. in acute gastroenteritis (2, 14, 16) .
A variety of extracellular virulence factors produced by Aeromonas hydrophila support the epidemiological associations indicating that this is a bona fide enteric pathogen. Using ligated rabbit ileal loops (28) , suckling mice (7), perfusion of rat jejunum in vivo (30) , or cell cultures (13) , investigators have demonstrated the production of a cytotoxigenic enterotoxin. In addition, Ljungh and Wadstrom (22) suggest that hemolysin, protease, and endotoxin production may influence virulence, and Jiwa (20) suggests that cell surface hydrophobicity may be a determinant of intestinal attachment.
Most studies involving the ecology of A. hydrophila gastroenteritis have concentrated on its transmission in contaminated water supplies (27, 29) . However, Buchanan and Palumbo (4) implicated Aeromonas sp. as potential food-poisoning agents. A. hydrophila is psychrotrophic and has been associated with the spoilage of refrigerated (5°C) animal products including chicken, beef, pork, lamb, fish, oysters, crab, and milk (15, 18, 21, 23, 31) .
Due to the absence of a suitable isolation medium, data concerning quantitation of Aeromonas sp. in foods are generally lacking. Recently, Palumbo et al. (23) developed a simple, direct plating medium that enables the isolation and quantitation of Aeromonas sp. from foods obtained from the retail market.
The purpose of our study was to use starch-ampicillin agar to investigate grocery store produce for Aeromonas sp. In addition, we characterized these Aeromonas isolates by temperature tolerance, biochemical characteristics, hemolysin production, and cytotoxic enterotoxin production. * Corresponding author.
MATERIALS AND METHODS
Foods. Leafy produce samples were purchased at local retail markets and immediately transferred to the laboratory, where they were sampled on the day of purchase and after 7 and 14 days of storage at 50C. Sampling was achieved by aseptically transferring 10 g of the produce to a sterile 500-ml glass blender container (Ederbach 8470), adding 90 ml of sterile 0.01 M phosphate-buffered saline (pH 7.2), and blending in a heavy-duty blender (Waring) at high speed for 2 min. Dilutions were then made with 0.01 M phosphate-buffered saline (pH 7.2) and surface (0.1 ml) or pour (0.1 ml) plated, using the appropriate test media.
Media. Total aerobic plate counts were determined with appropriate dilutions (30 to 300 CFU) in plate count agar (Difco Laboratories) pour plates. Plates were incubated at room temperature for 1 week.
The starch-ampillicin agar was prepared according to Palumbo et al. (23) . Dilutions of food samples were surface plated and incubated at 28°C for 24 h. After incubation, the plates were flooded with approximately 5 ml of Lugol iodine solution (12) , and amylase-positive colonies were scored as presumptive Aeromonas sp.
Biochemical identification to species. After quantitation, three presumptive Aeromonas isolates were identified biochemically, using oxidase, catalase, DNase, no growth in 1 and 6.5% NaCl and in lysine decarboxylase (LDC) broth (GIBCO Diagnostics), and API 20E analysis (Analytab Products). Additional tests included esculin hydrolysis, growth in KCN broth, Voges-Proskauer (VP) reaction, and gas from glucose, as recommended by Popoff (25) .
Temperature tolerance. The effect of various incubation temperatures (42, 35, 20, 12 , and 5°C) on the growth/survival of the Aeromonas strains was determined by optical density measurements according to the technique described by Palumbo et al. (24) . Single brain heart infusion broth (3. read at 600 nm in a Spectronic 20 spectrophotometer (Coleman) against an uninoculated tube of the same medium. Growth was considered positive if the optical density of the culture increased 0.1 U. Preparation of cell-free supernatants. Aeromonas strains were propagated in 8 ml of brain heart infusion broth incubated at 350C with agitation at 100 rpm for 18 to 24 h (13) . The broth cultures were cleared by centrifugation at 10,000 x g for 30 min at 4°C, followed by filtration through a 0.45-pum filter (Millipore Corp.). Cell-free supernatants were stored at 4°C for use within 1 day (7).
Cytotoxin assay. Tests for cytotoxin were performed with culture supernatants added to separate HeLa and HEp-2 cell monolayers maintained in minimal essential medium containing 5% fetal calf serum. The supernatants were added at a final dilution of 1:5 to monolayers in 96-well microtiter plates (Nunclon) as previously described (13) . Following an 18-to 24-h incubation at 35°C under 5% CO2 and 90% relative humidity, the cells were examined for cell death.
Only supernatants which caused 100% detachment were considered cytotoxin positive. Vital dye exclusion was not needed to confirm cell death because of the easily recognizable morphological cell changes, including cell shrinkage, loss of adherence, and pyknotic nuclei. Brain heart infusion broth diluted with minimal essential medium served as a negative control (13 30 cytotoxic isolates fermented sorbitol, while no cytotoxinnegative isolates did. By Fisher's exact probability test, these differences were highly significant (P < 0.001).
DISCUSSION
The starch-ampicillin agar (23) used to quantify Aeromnonas sp. was originally developed for use with products of animal origin; however, this medium performed well with grocery store produce. False-negative organisms were not encountered. Vibrio sp., which were eliminated by growth in 1% NaCl, were the only false positives.
The presence of significant populations of Aeromonas sp. in virtually all produce samples quantitatively establishes this organism as ubiquitous in grocery store produce. Increases in the numbers of Aeromonas sp. after 14 days of incubation at 5°C confirm the findings of Palumbo et al. (23, 24) that Aeromonas sp. are psychrotrophic organisms.
The growth of A. hydrophlila and A. ca'iae in refrigerated (5°C) grocery store produce and meat samples (23) (26) . By this classification, the identification as A. hvdrophila was a good indicator of cytotoxicity.
Other investigators report the highest percentage of enterotoxigenic isolates from strains designated as A. hvdrhophila (7, 8 Some differences between percentages of cytotoxic isolates recovered from grocery store produce may be due to the source of isolation or the method of cytotoxin detection. Burke et al. (6) showed by the suckling mouse assay that nonenterotoxigenic strains may produce cytotoxins in cell cultures. However, determination of cytotoxicity via cell culture generally correlated well with the suckling mouse assay when water isolates were tested (9) .
Other investigators have correlated Aeromonas toxigenicity with hemolysin production (1, 3, 9, 32) . For instance, Burke et al. (7, 8) reported that 97% of cytotoxic Aeromonas strains could be correctly classified by the hemolysin assay. Our results were slightly lower. However, all hemolytic strains were cytotoxic, and our results suggest that hemolysis is still a primary indicator of cytotoxic activity.
Strong correlations between cytotoxicity and positive VP reaction have been reported by others (8, 13, 32) . In contradistinction, Janda et al. (19) found that only 42% of 12 cytotoxic A. hydrophila strains from pediatric patients were VP positive. However, these VP-negative strains may have been cytotoxic A. sobria or A. caviae strains according to Popoffs classification (25) .
Several investigators have reported a high correlation between cytotoxic A. hydrophila and a positive LDC reaction (1, 13, 19) . Initially, we found a low percentage of LDC-positive strains to be cytotoxic. This was probably due to the 18-to 24-h incubation of the API 20E strips, since some strains are positive only after 48 to 96 h of incubation (13) . When LDC assays were repeated with broth tube cultures (GIBCO), 28 (93%) of 30 cytotoxic A. hydrophila strains were LDC positive, while none (0%) of the noncytotoxic isolates was. Therefore, the production of LDC is an excellent indicator of cytotoxicity when the more sensitive LDC broth is used.
The high incidence of sorbitol fermentation among cytotoxic Aeromonas isolates was unexpected. To our knowledge, we are the only investigators to observe this phenomenon. Our results indicate that sorbitol fermentation, while not as predictive as VP reaction, LDC production, and hemolysis, may be a helpful indicator of cytotoxic activity.
Our results establish cytotoxic A. hydrophila as a potential psychrotrophic food-borne pathogen ubiquitously associated with grocery store produce. In addition, all strains identified as A. hydrophila produced a cytotoxin, and the presence of this toxin correlated closely with hemolysis and LDC production. However, confirmation that these organisms are potential enteric pathogens is dependent on separate research with animal models or volunteer studies to definitively establish A. hydrophila as a gastrointestinal pathogen.
